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Abstract 
Increased energy demand end to the world grew by 39% between 1990 to 2008 and further increased by 40% between 2007 to 
2030. Energy consumption in buildings has been identified to contribute up to 40% of the total world. Through the selection of 
methods and the right strategy will reduce the problem of increase energy in buildings. Based on the theory of energy efficiency 
developed it can be achieved through three main factors; a) building design; b) services design; and c) occupant behavior. This 
paper aims to discuss methods to benchmark energy efficiency in school buildings use energy-efficiency. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Rising energy demand in buildings can be reduced by improving the efficiency of energy use. However, based 
upon previous studies showing the business is not an easy task. Through the selection of method and the right 
strategy will reduce the problem of increasing energy in buildings. There are various methods used and proposed in 
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benchmarking energy efficiency in buildings (William Chung, 2011).  However, very few existing methods 
proposed for building schools, especially in equatorial climates. Climatic conditions are believed to be difficult to 
give comfort to users outside or indoors with an average temperature of 27oC to 32oC and the average intensity of 
500W/m2 and heat that reaches 1000W/m2 (AMA Rahman & MZ Kandar, 2005).  
The requirements of energy-efficiency design in schools should concern duly and also not only just concerned 
with the reduction of energy consumption but the needs to optimize students' comfort was also a priority. This is 
because most of the time spent by students and teachers are in the school building. Comfort ness and student 
performance should be a priority in school next to the use of energy efficiency (Catalina T. and Iordache V., 2012). 
The importance of education is gaining a place in the planning within a country, plus with the needs of information 
technology infrastructure gradually boost the demand for energy in school buildings. In the developed country, this 
importance has begun to receive more attention (Kim Tae-Woo et al., 2012). 
Reduction of energy consumption in school buildings that have higher numbers is reliable indirectly can reduce 
operating and development expenditure. Indirectly it can influence the reduction of energy demand. These 
requirements are influenced by referring budget statement that is issued by the US Department of Energy, where as 
many as 25% of energy expenditure in schools can be reduced through the building design and the use of energy-
efficient technologies (US DOE-Energy Smart Schools).  
Based on the results of previous studies, the average of school energy consumption use in Malaysia is 19kWj / 
m2 / per annum (K. Ibrahim et al., 2005). While the second result shows, the findings in the average of building 
energy index is 10kWj / m2 / year (MNM Salleh, 2008). The different result that is based upon the method used in 
benchmarking the energy efficiency in the buildings shows that the variety of method can be used in benchmarking 
energy efficiency in buildings. The objective of this paper is to the measurement of the user perception of energy 
efficiency in school buildings towards to benchmarking energy efficiency. 
2. Literature review 
Earth Summit, which results to Agenda 21, was formed from the United Nation Conference on Environment, and 
Development Organization (UNCED) held in Rio de Janeiro on 3 to 14 June 1992. Among the agenda that was 
discussed during the conference was the issues of greenhouse gasses and the thinning of an ozone layer (United 
Nations, 2012). The sequence of the summit conference, an assessment tool to benchmark the green building was 
first developed in instances of BREEAM (UK, 1990) and LEED (USA, 1996). The intended of this benchmark is 
sole to reduce negative environmental effects contributed to the building through greenhouse-gas emissions. 
The resulting of benchmark criteria are intended to help designers, customers and society to consider the effect of 
greenhouse gas through each design produced, and the solution is through the energy efficiency and low-carbon 
technologies. However, the resulting benchmark is strongly influenced by the environmental factors, location, and 
climate. 
Green Building is a general term that describes sustainability for a building or development. The term is also 
more often understood as Green Development or Sustainable Building (Peterson J., 2010) even though the building 
or development only involves part to the process of the formation of a Sustainable Development (M.N.M. Salleh, 
2012). The term used is directly proportional to the understanding and benchmark criteria, and the method used. 
Most benchmarks have been laid criteria Energy Efficiency as a key factor in the assessment criteria. However, the 
benchmark for green building does not use the same method to measure the energy efficiency of a building. Usually, 
green building uses the scope of the assessment for the overall level of the building. The criteria focused to increase 
the efficiency of energy resources, water and construction materials and reduce the impact of buildings on human 
health and environment throughout the life cycle of the building, through the placement, design, construction, 
operation, maintenance, enhancement and modification, and destruction (Sanchez Y., 2008, PediaPress, 2009). 
2.1. Energy demand 
Green building issues are closely linked to the increasing of world energy demand. This issue can be proved by 
expectations of  International Energy Agency (IEA), which indicated an increase in energy in 2030 will reach as 
much as 40% higher than demand in 2007 (González ABR et al., 2011). The increasing of this energy is due to the 
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three categories of key sectors of world energy consumption; industry, transportation and others (including the 
residential buildings). Other sectors that include building recorded the largest increase of 36% compared to 28% for 
industry and 27% for the transport of energy consumption in 2008. While, energy consumption in buildings 
(residential, commercial, office) has been identified to contribute between 20% and 40% of total world energy 
consumption (WBCSD, 2009, R. Saidur, 2009, The IEA website, 2012). However, the building is also capable of 
reducing energy consumption between 30% and 80% (BCI, 2012). 
The increase in final energy demand on the world recorded increased by 39% between 1990 and 2008 and is 
expected to continue to increase by 35% between the years 2010 to 2040 have put the world on an alarming level 
(Exxon Mobil, 2014). 
2.2. Energy efficiency benchmarking in buildings 
Benchmarking is the first step that needs to be done to determine the energy performance of buildings to improve 
energy efficiency in the buildings (IMT Institute for Market Transformation, 2014). There are two (2) main 
categories in evaluating the energy efficiency performance of buildings that are "Performance-based” approach and 
“Feature-specific” approach. The performance-based approach is the common research approach used today. This is 
due to the result is believed to be accurate and reliable as the outcome can be comparable.  
However, it is difficult to establish this approach as it needs appropriate measures to be implemented. This 
approach enables the evaluation results to be compared based on performance indicators such as Energy Use Index 
(EUI) or carbon dioxide emission. The feature-specific approach allows the marks to be given when the criteria are 
met, and the final assessment is based on the total marks obtained (W.L. Lee et al., 2003). 
Energy performance evaluation and its methodology are being developed in order to benchmark and classify the 
energy performance. Energy benchmarking is the way to communicate on building efficiency and carbon gas 
emission to building owners. This energy classification method enables building owners or publics to obtain 
information on the performance of a building. There are four (4) types of energy classification were identified, 
which are: (1) Energy Benchmarking, (2) Energy Rating, (3) Energy Labeling dan (4) Energy Certification (L. 
Pérez-Lombard et al., 2009).  
Besides, feature-specific approach with energy performance diagnosis approach aims to identify the cause of 
weaknesses and provide certain measures to improve and enhance performance. This diagnosis method uses a more 
comprehensive approach to identifying existing weaknesses. However, it is difficult to convey the information 
obtained to the public due to a more detailed information and a factor of confidentiality or security (Shengwei Wang 
et al., 2012).  
Both of these approaches have in common as mentioned by William Chung (2011) where there are two types of 
benchmarks are being developed with different mathematical methods. These benchmark namely Public Benchmark 
and Internal Benchmark. The benchmark is meant the same term as the opinion W.L. Lee et. al. (2003) in evaluating 
the energy performance of buildings. The public benchmark uses methods that can be applied and understood by 
public users, and the information is being channeled to the media by the regulators. Consequently, the public users 
consequentially giving pressure to building owners to improve the energy consumption performance. 
Examples of the benchmarks are Ordinary Least Square (OLS), Corrected Ordinary Least Square (COLS), 
Stochastic Frontier Analysis (SFA) dan Simple Normalization (SIMPLE). Internal benchmarks whereas do not 
report the results of the benchmark system to the public. The results obtained are yet aimed to improve the 
performance of energy consumption in the diagnosed buildings. An example for this benchmark is a Data 
Envelopment Analysis (DEA), SDEA, The Model-Based Method (Simulation) dan Artificial Neural Network 
(ANN). The Simulation (DOE 2 ) technique is a second method after OLS method. (William Chung, 2011). 
According to Anwar Mofleh et al. (2009) energy efficiency in buildings can be achieved through three (3) main 
factors namely; a) factors in the design of buildings; b) factor design services; and c) the behavior of the user 
(Anwar Al-Mofleh et al., 2009). Factors that meant building design consists of building form, orientation, location, 
character building and others. Factor design services range from the selection of HVAC, natural ventilation, heating 
and lighting help. While the factors listed user behavior patterns of its users, and training and awareness. Apart from 
building design, environmental climate also affects the energy consumption in buildings. However, the behavior of 
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consumers is greatly affect energy efficiency in buildings because users have a direct relationship with the behavior 
of consumption in the area where the activities carried out (P. Hoes et al., 2009). 
Influencing consumer behavior patterns of energy consumption in buildings. This leads to judgment without 
involving the user can lead to the discovery of the soil. The differences in findings for energy efficiency based on 
expectations compared with actual scenarios will result. This is evidenced by Masoso O. (2010) in his research 
generated without considering  factors into the analysis of user research, proving that "the period of energy waste in 
buildings usually occurred when it is not occupied" (A. Masoso and L. Grobler, 2010). This fact shows that the 
behavior of consumers who do not turn toward the source of electricity when leaving a room or building leads to 
energy waste. 
Consumer behavior in buildings has attracted the attention of researchers since the 1970s in the midst of an 
energy crisis (Jay Aaron Keazer, 2007). Consumer and behavior in energy research institution building very isolated 
as described by Ron Widman (Shengwei Wang et al., 2012). The importance of research on the behavior of energy 
consumption in school buildings has been given attention where energy savings of between 5% to 15% can be 
achieved only by the change in consumer behavior at school (M. Ismail et al., 2009). 
This shows that the behaviors of consumers on energy efficiency are the real issues that affect building energy. 
This pilot study has been conducting the survey on consumer perceptions of the respondents with the aim of 
investigating the feedback and its impact when considered in identifying methods for energy-efficiency  benchmarks 
in the design of school buildings. The use of the questionnaire is the most economical and effective way to collect 
the necessary data (S. Khan et al. Al., 2013). 
Therefore, user perception of energy efficiency in school building's design (UPEESD) components is based on 
factors specified in Anwar Al-Mofleh et al., (2009), namely perception of Ventilation (POV) and Perception of 
Design (POD) to be represented a) factors in the design of buildings; Perception of Ventilation (POV) and 
Perception of Noise (PON) to be represented b) factor design services; Perception and Awareness of Energy 
Efficiency (PEE) to be represented c) the behavior of the user. This method will be used in the investigation of 
benchmark energy efficiency of the design of school buildings. 
3. Methodology 
The main objective of this research paper is to identify the measurement of the user perception of energy 
efficiency in school buildings design (UPEESD) components towards methods to benchmarking energy efficiency 
in school buildings. Towards achieving this objective, 155 respondents were randomly selected from Sekolah 
Menengah Berasrama Penuh Integrasi Berprestasi Tinggi, (SBPIBT), Gopeng, Perak, Malaysia.  
The respondents involved in this pilot survey were form five students. This is vital as the study involves the 
attitude as well as the sense of responsibility towards the respondents’ school area. A face to face interview 
approach was used for the purpose of this study to ensure that the respondents fully understood the questions that 
were forwarded to them. To avoid any confusion or misunderstanding, the researchers introduced themselves as well 
as explained the purpose of the study undertaken. The measurement design of the UPEESD components was based 
on the review of previous literature that is relevant to the UPEESD components. This is explained as follows: 
x Perception of Ventilation: involving the sense of responsibility and the ability to feel ventilation within their 
classroom. Subsequently, among the items used in the questionnaire were such as; (i) “How often do you feel too 
hot while having in the classroom throughout the year?”, Moreover, (ii) “How often do you feel there is no 
natural ventilation in the classroom throughout the year?”. 
x Perception of Design:  the ability of the students to identify their surrounding area. Some of the items used were; 
(i) “Do you feel hot in the afternoon ( 12 noon – 2 pm ) while you are in the class?” and (ii) “You notice harsh 
glare from artificial light in the classroom”. 
x Perception of Noise:  The state of the classroom environment which portrays a good atmosphere or noise from 
the equipment. Among the items used were; (i) “Do you would switch off the fan if the fan-generated noise”, (ii) 
“Too much noise from the outside of building”. 
x Perception of Energy Efficiency Awareness:  Behavior or activities that involve the user and can show a good 
attitude and awareness. Among the items that were used are; (i) “Are you the one who ensures that light switches 
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in the classrooms are switched off when no one is using them?” and (ii) “Are you aware that without user 
awareness on electrical energy consumption, there will be electricity bill wastages in the school?”.  
Pilot Study seeks to ensure that the sample size can be chosen to represent the total population in building 
research 1,011 and can reduce sampling error and increase the degree of accuracy. The trial questionnaire survey 
was conducted on one full working days, and it is representing ordinary working a day to another. 
4. Results and discussions 
This pilot study was conducted in school study areas were selected based on predetermined categories based on 
the literature. Questionnaire study conducted by the scope of the study that was designed using random sampling 
stages involving three stages, namely the classification of educational buildings, school location by zone and a list of 
schools. The study involved a sample of 10% of Schools 60 Schools Boarding High Performance (SBPBT). 
This study involves the collection of qualitative data such as redraw the existing plan to measure the floor area of 
the school involved. Also, data on annual electricity bills needed to obtain the energy consumption data to 
investigate the energy performance in school buildings. Review the observations made by the checklist was used for 
observation of existing school design elements that affect energy efficiency. 
4.1. Measuring the perception of energy efficiency in school buildings design 
The user perception of energy efficiency in school buildings design (UPEESD) construct is based on four 
dimensions; (a) perception of ventilation (POV), (b) perception of design (POD), (c) perception of noise (PON) and 
(d) perception of energy efficiency awareness (PEE).  All of these dimensions components were measured using a 5 
point Likert Scale of 1 – strongly disagree, 2 – not agree, 3 – agree, 4 – highly agree and 5 – strongly agree. The 
validation and confirmation of all constructs were done using Exploratory Factor Analysis (EFA). EFA is used to 
gather information about the interrelationship among a set of variables (Pallant, 2005).  The result for the level of 
reliability was found by calculating the Cronbach’s Alpha.  The dimensions of the construct have a good reliability 
value as the Cronbach’s Alpha value exceeds 0.60 (Nunnally and Bernstein, 1994).  
Table 1.  Cronbach’s alpha value for all variables 
UPEESD 
Dimensions 
 
Items Description of Items Corrected 
item-total 
correlation  
Reliability 
(Cronbach’s 
Alpha) 
POV 
 
 
 
 
 
 
 
 
Item 1 
Item 2 
 
Item 3 
Item 4 
Item 5 
 
Item 6 
 
Item 7 
 
How often do you feel too hot while having in the classroom throughout the year? 
How often do you feel too cold while having in the classroom throughout the 
year? 
How often do you feel damp or sticky in the classroom throughout the year? 
How often do you feel less humid or less sticky in the classroom throughout the 
year? 
How often do you feel there is no natural ventilation in the classroom throughout 
the year? 
How often do you feel that there is excessive air movement in the classroom 
throughout the year? 
How often are you going to ensure open windows to allow natural ventilation in 
classrooms? 
- 
 
- 
 
- 
 
- 
 
- 
 
 
 
 
0.07 
 
 
 
 
POD 
 
 
 
Item 1 
Item 2 
Item 3 
Item 4 
Do you feel hot in the morning ( 7 am – 12 noon ) while you are in the class? 
Do you feel hot in the afternoon ( 12 noon – 2 pm ) while you are in the class?  
Do you feel hot in the evening ( 2 pm – 7 pm ) while you are in the class? 
Do you feel glare in the morning ( 7 am – 12 noon ) while you are in the class?  
.38 
.52 
.36 
.37 
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Item 5 
Item 6 
Item 7 
Item 8 
Item 9 
Item 10 
Item 11 
Item 12 
Item 13 
Item 14 
 
Do you feel glare in the afternoon ( 12 noon – 2 pm ) while you are in the class?  
Do you feel glare in the evening ( 2 pm – 7 pm ) while you are in the class? 
You see shadows/reflections on the blackboard/ whiteboard. 
You notice harsh glare from direct sunlight in the classroom 
You notice harsh glare from artificial light in the classroom 
Lack of natural lighting in the room. 
There is a space that is too dark. 
Lack of natural lighting in space 
Pencahaayaan least help in the area. 
Do you agree that we should use electric lighting in the classroom despite the 
daylight? 
.47 
.50 
.58 
.59 
.50 
.52 
.51 
.43 
.50 
- 
 
 
 
.83 
 
 
 
 
 
PON 
 
 
 
Item 1 
Item 2 
Item 3 
Item 4 
Item 5 
Too much noise from the outside of building. 
Too much noise from neighboring rooms 
Too much noise from construction equipment. 
You will ensure the windows closed to avoid the noise in the classroom. 
Do you will switch off the fan if the fan-generated noise 
.52 
.49 
.57 
.36 
- 
 
 
.70 
PEE 
 
 
 
 
 
 
 
 
 
 
Item 1 
Item 2 
 
Item 3 
 
Item 4 
Item 5 
 
Item 6 
Item 7 
Are you the one who ensures that light switches in the classrooms are switched off 
when no one is using them?  
Are you the one who ensures that fan switches in the classrooms are switched off 
when no one is using them?  
Are you aware that the use of air-conditioning systems such as in the library 
requires airtight windows?  
Are you aware that without user awareness on electrical energy consumption, 
there will be electricity bill wastages in the school?  
Do you agree that the students in this school are perceptive towards energy 
consumption in school? 
Do you agree that the teachers in this school are perceptive towards energy 
consumption in school?  
Do you agree that we should use electric lighting in the classroom despite the 
daylight? 
.61 
.63 
 
.46 
 
.35 
.45 
 
.39 
- 
 
 
 
 
 
 
.74 
 
 
 
Note: (-) = Items eliminated because of corrected item-total correlation is below than 0.3.  POV= Perception of comfort on ventilation, POD= 
Perception of design, PON= Perception of noise, PEE= perception of energy efficiency awareness  
 
From the aspects of validity and reliability, the items for each dimensions ; perception of comfort on ventilation 
(POV), perception of design (POD), perception of noise (PON) and perception of energy efficiency awareness 
(PEE) were measured using the Cronbach alpha (α) analysis. An item-to-scale value of 0.3 and above was used as 
the minimum value for a unidimensional scale (de Vaus, 1986), while the scale was considered reliable if the alpha 
value was 0.6 and above, based on the De Vellis (1991) criteria. The results of the analysis demonstrated that all 
seven items under the POV dimension were not valid to be used to measure the concerned dimension as the α value 
=.07. Also, an item-to-scale value for all items in POV is below 0.3.  This finding indicates that each item in POV 
cannot be measured and no association between an item in measuring the POV. Therefore, the items in POV 
dimension were restructuring again to clarify the items to measure the POV in future research.   
The perception of design, it involved 14 items.  One item was omitted as it recorded corrected item-to-total 
correlation value of below 0.3 while the total alpha value of the 13 items was D=.82.  The item is “Do you agree that 
we should use electric lighting in the classroom despite the daylight”. After this item was eliminated, and analysis 
was redone, the resulting α value =.83.This illustrates that the remaining 13 items are valid in measuring the 
perception of design POD dimension. For the perception of noise (PON) dimension that had five items, the 
Cronbach alpha (α) analysis conducted resulted in an α value =.65. There was one item in this dimension that had to 
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be omitted in order to obtain an α value =.70. The one item that was excluded is “Do you would switch off the fan if 
the fan-generated noise”. Then, only four items were valid to measure the PON dimension.  Meanwhile, the 
dimension of perception of energy efficiency awareness (PEE) contains seven items.  Analysis findings have 
illustrated that 1 out of the seven items show a corrected item-to-total correlation value of below 0.3 while the total 
alpha value for the seven items was .68.  Re-analysis after this item was eliminated returned an α value =.74. This 
clearly establishes that the remaining six items are valid to be used in measuring PEE.  The item that was removed is 
“Do you agree that we should use electric lighting in the classroom despite the daylight?”. 
This pilot study involved 58.5% female respondents and 41.5% male respondents (44%).  97.3%  of respondents 
involved are students with the 16s to 25s of age group (98.6%),  2.1% teachers, and 0.7% is a school staff.  50.3% of 
respondents have been in this school for 3 to 4 years, and 47.6% have been in 1 to 2 years 
5. Conclusion 
This pilot study aims to assess the credibility to the research planned before it is implemented. This approach is 
to identify the authenticity and reliability of the questionnaire were designed before they are used in actual field 
work (de Vaus, 1986). This pilot study also serves to identify problems that might arise from the actual study. It 
aims to assess the suitability of the research question (Piaw, 2009). This pilot study has found several problems of 
the structure of sentences and the use of a Likert scale of 5 points. 
POV Dimensions in UPEESD component will be eliminated from the actual study. This is because the 
correlation between the item and the item is found to show a weak correlation. Through observation, it was found 
that the susceptibility of these components can be replaced by measurement using measurement equipment. In 
general, this pilot study has found that the use of a questionnaire to identify the behavior and reactions of the 
respondents to the component user perception of energy efficiency in school building's design (UPEESD) is 
effective and sensitive. This demonstrates the ability to recognize the relationship between the various variables in 
proving this method can be used for the investigation of benchmark energy efficiency at the design of school 
buildings for user perception of energy efficiency in school building's design (UPEESD) components. 
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